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[57] ABSTRACT 

When a MOSFET containing a tantalum pentoxide film 
as a gate insulating film is formed, ion implantation is 
applied such that the end of an insulating film contain- 
ing a tantalum pentoxide film situates to the outside of a 
gate electrode to thereby form source and drain regions. 
This can effectively prevent troubles such as short-cir- 
cuitting due to tantalum pentoxide film and a highly 
reliable MOSFET can be obtained without applying 
light oxidation. 
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METHOD OF MANUFACTURING A 
SEMICONDUCTOR DEVICE 

This application is a continuation application of appli- 5 
cation Ser. No. 07/561,602, filed Aug. 2, 1990, now 
abandoned. 

BACKGROUND OF THE INVENTION 

The present invention concerns a method of raanu- 10 
facturing a semiconductor device and, more in particu- 
lar, it relates to a method of manufacturing a field effect 
transistor (hereinafter referred to as MOSFET) using a 
film of transition metal oxide as a gate insulating film. 

In manufacturing a MOSFET, after patterning a gate 15 
electrode and a gate insulating film into a predeter- 
mined shape, the surface of a substrate or polysilicon 
gate electrode has been slightly oxidized before the 
formation of source and drain as is well-known in the 
prior art 20 

Since edges of the gate insulating film suffers from 
damages caused by etching, the above-mentioned oxi- 
dation step is applied for recovering the damage and 
prevent the occurrence of leak current and failure of 
voltage withstanding and this is an indispensable step, 
being referred to as "light oxidation". 

However, if a film of transition metal oxide such as a 
tantalum pentoxide film is used as the gate insulating 
film, the rate of oxygen diffusing in the film of such 3Q 
material is much greater than that in silicon dioxide used 
so far. Accordingly, when a tantalum pentoxide film 2, 
a silicon dioxide film 3, a tungsten film 4 and a PSG 
(phosphosilicate glass) film 3 are formed in lamination 
on a silicon substrate 1 applied with patterning and then 33 
light oxidation as shown in FIG. la, oxygen diffuses 
from the exposed edges to the inside of the gate insulat- 
ing films 2,3 to oxidize the semiconductor substrate 1 
and the gate electrode 4 present above and below 
thereof respectively. As a result, a wedge-like oxide 40 
layer 101' is formed at the edge of the gate region as 
shown in FIG. lb. This phenomenon is remarkable in a 
case where streams are contained in an oxidizing atmo- 
sphere upon applying light oxidation. As a result, this 
causes a problem that an inversion voltage is increased 45 
in a channel region at a portion in which the wedge-like 
oxide layer 101' is formed to increase a threshold volt- 
age. It is difficult to completely prevent this phenome- 
non even by forming an oxide film 5' on the side wall of 
the gate 2 as shown in FIG. lc 30 

It has further been found that when the transition 
metal oxide film 2 as the gate insulating film is patterned 
simultaneously with the formation of the gate electrode 
4, a leak current tends to flow through the edge of the 
gate insulating film 2. Further, as shown in FIG. 2a, if 55 
oxidation is applied in a state where a gate insulating 
film 23 is exposed at the outside of a gate electrode 24, 
oxygen diffuses from the exposed portion to the inside 
of the gate insulating film 23 to oxidize a semiconductor 
substrate 21 or the gate electrode 24 present below and 60 
above thereof to form wedge-like oxide layers 28, 28' at 
the end of the gate region as shown in FIG. 2b. This 
results in a problem that an inversion voltage is in- 
creased at a channel region of MOSFET in a portion 
where the wedge-like oxide layers 28, 28' are formed to 65 
increase the threshold voltage. 

In FIGS. 2a, 26, denoted at 22 is a thick insulating 
film for inter-device isolation and at 23' an insulating 
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film formed by the oxidation of the surface of the gate 
electrode 24. 

In recent years, the width of the gate electrode in 
MOSFET has been narrowed extremely and a MOS- 
FET having a gate electrode with width of 0.2 jim or 
less has been proposed. Then, if wedge-like oxide layers 
should be formed below such a fine gate electrode, it is 
apparent that the operation as the MOSFET is scarcely 
possible. 

SUMMARY OF THE INVENTION 

It is, accordingly, the object of the present invention 
to overcome the foregoing problems in the prior art and 
provide a method of manufacturing a semiconductor 
device capable of producing an extremely fine MOS- 
FET having high reliability. 

Another object of the present invention is to provide 
a method of manufacturing a semiconductor device 
capable of easily producing a fine MOSFET having a 
film of transition metal oxide with high dielectric con- 
stant such as Ta20j as an gate insulating film. 

For attaining the foregoing objects, in accordance 
with the present invention, a gate electrode is formed by 
removing unnecessary portions of a conductive film by 
means of a well-known etching, and then ion implanta- 
tion is applied to form source and drain regions without 
applying light oxidation, while leaving an insulative 
film for gate insulating film formed below and outside 
of the conductive film. 

The insulative film for the gate insulating film may be 
left entirely without removal and ion implantation may 
be conducted through the insulative layer, or the insula- 
tive film for the gate insulating film may be patterned 
such that it left not only just below the gate electrode 
but also left partially at the outside of the gate electrode. 
That is, source and drain regions are formed by con- 
ducting ion implantation, without applying light oxida- 
tion, in a state where the outer periphery of the insula- 
tive film extends to the outside of the edge of the gate 
electrode by making the insulative film for the gate 
insulating film larger than the gate electrode. 

In a case of forming a MOSFET of a so-called LDD 
(lightly doped drain) structure, the g ate electrode is_ 
formed as described above, an insulative film is selec- 
tively formed on the side wall of the gate electrode in a 
state where the insulative film for the gate insulating 
film is left not only just beneath of the gate electrode but 
also at the outside of the gate electrode, and then ion 
implantation is conducted to form source and drain 
regions. Also in this case, light oxidation is not taken 
place and the ion implantation is usually conducted 
through the thin insulative film deposited on the sub- 
strate. 

Since sufficient reliability can be obtained without 
applying light oxidation by leaving the gate insulating 
film also to the outside of the gate electrode, light oxida- 
tion is no more necessary. Further, in a case of forming 
an MOSFET of LDD structure by forming an insula- 
tive film on the side wall, since ion implantation is con- 
ducted while forming a deposition layer on a region in 
which source and drain regions are formed, contamina- 
tion on the surface of the source and drain regions can 
be prevented and light oxidation is not required also in 
this case. In a case where ion implantation is conducted 
through the gate insulating film left to the outside of the 
gate electrode, since the gate insulating film is left also 
below the edge of the gate electrode, there is no prob- 
lem for the occurrence of leak current. Further, in a 
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case of forming an insulative film on the side wall of the Further, after depositing a PSG film over the entire 

gate electrode, since the gate insulating film is left surface to form an interlayer insulating film 7, a contact 

below the insulative film formed on the side wall, the hole was opened and a wiring metal film 8 was formed 

gate can be formed as a offset structure to suppress the by well-known means to prepare a MOSFET as shown 

increase of the leak current. 5 in FIG. 3c. 

Further, by using an insulative film made of such FIOS. 4a and 4b show the results for the comparison 
material in which oxygen diffuses at a rate lower than of the dependency of the shift amount of a threshold 
that in the gate insulating film as the insulative film (Yth) voltage and the degradation of transconductance 
formed on the side wall of the electrode, since the con- (Om/Omo) on the stress voltage application voltage in 
centration of the oxygen reaching the gate insulating 10 comparison between the MOSFET obtained in this 
film is reduced when exposed to an oxidizing atmo- example and a conventional MOSFET with 0.3 urn of 
sphere in the subsequent step, wedge-like oxidation is channel length having a silicon dioxide film of 5 nm 
less proceeded. thickness as a gate insulating film. As apparent from 
FIOS. 4a and 4b t fluctuations in both of the shift 

BRIEF DESCRIPTION OF THE DRAWINGS , 3 of the threshold voltage and the degradation 

FIG. la through lc, and FIGS, la and 2b are, respec- amount of the transconductance could be reduced by 

tively, step charts for illustrating problems in the con- more than one order of magnitude when using a lami- 

ventional method of manufacturing semiconductor de- nate film comprising a tantalum oxide film and a silicon 

vices; dioxide film as a gate insulating film. As a result, it can 

FIGS. 3o through 3c are step charts illustrating one 2° found that an excellent reliability can be obtained in 

embodiment of the present invention; * MOSFET with the channel length of less than 0.3 um 

FIGS. 4a and 4b are graphs, respectively, showing m accordance with the present invention, 

the effect of the present invention; EXAMPLE 1 

FIGS. 5a through 5tf*, FIGS. 6a through 6d, FIGS. 7a c^mri-c x 

through 7c, FIGS. 9a through 9c and FIGS. 9a and 9b 25 As shown in FIG. 5a, after forming a silicon dioxide 

are, respectively, step charts illustrating different em- film of 10 nm thickness to the surface of a p-type silicon 

bodiments of the present invention; substrate 1, BF 2 was ion implanted into a channel region 

FIGS. 10 shows one example of a wiring diagram for ****** the conditions at 40 Kev and 2.0X l0"cm-2. 

a dynamic memory device including a MOSFET Subsequently, the silicon dioxide film was removed and 

formed in accordance with the present invention; 30 8 tantalum pentoxide from 2 of 20 nm thickness was 

FIG. II shows one example of a cross sectional struc- t0 the * urfacc ** a B** insulating film by means 

ture of a dynamic memory cell having a MOSFET of reactive sputtering. The tantalum pentoxide film was 

formed in accordance with the present invention and f onned bv ™™9 sputtering in this example, but 

FIGS. 12 and 13 are, respectively, graphs showing 1 }™Z , formed f 1 * 0 chemical vapor deposition 

the effect or the present invention. 35 ( cv &)» using tantalum alkoxylate or a tantalum halide 

(such as tantalum chloride or tantalum fluoride) as a 

DETAILED DESCRIPTION OF THE source gas for tantalum in the CVD. Then, an Si0 2 film 

PREFERRED EMBODIMENTS 3 of about 2 nm thickness was formed between the 

EXAMPLE 1 silicon substrate 1 and the tantalum pentoxide film 2 by 

40 applying a heat treatment at 800* C in a dry oxygen 

As shown in FIG. 3a, after forming a silicon dioxide atmosphere. Further, a tungsten film 4 of 300 nm thick- 
film of 10 nm thickness by means of well-known ther- neS s was formed by sputtering. Further, a PSG film 5 
mal oxidation to the surface of a p-type silicon substrate was formed on the tungsten film 4. Then, after remov- 
1, BF 2 was ion implanted to a channel region under the mg ^ unnecessary portion of the PSG film 5, the ex- 
conditions at 40 Kev and 2.0 X 1012cm-*. The silicon 45 posed portion of the tungsten film 4 was etched by using 
oxide film was removed by etching and a tantalum the PSG film 5 as mask to obtain a cross sectional shape 
pentoxide film 2 of 20 nm thickness was formed as an as shown in FIG. $b. Then, after depositing a PSG film 
gate insulating film by means of reactive sputtering. In over the entire surface, an anisotropic etching was ap- 
this example, tantalum pentoxide was formed by using p Hed to the entire surface such that the portion fonned 
reactive sputtering, but it may also be formed by means 50 on the side 9 was left while the PSG film deposited on 
of chemical vapor deposition by using a tantalum al- other portions was removed to obtain a structure as 
koxylate, or tantalum halide such as tantalum chloride shown in FIG. $b. In this case, the exposed portions of 
or tantalum fluoride as a source gas. Then, a Si02 film 3 the laminated film comprising the tantalum oxide 2 and 
of about 2 nm thickness was formed between the silicon the silicon dioxide film 3 were also removed simulta- 
substrate 1 and the tantalum pentoxide 2 by a heat treat- 55 neously by etching. Then, a silicon dioxide film 10 was 
ment at 800* C. in a dry oxygen atmosphere. A tungsten deposited to the entire surface by means of well-known 
film 4 of 300 nm thickness was formed on the tantalum CVD and then arsenic ions were implanted under the 
pentoxide film 2 by means of sputtering. Further, a PSG condition at 40 Kev and 5.0 X 10 is cm- 3 and, further, a 
film 5 was formed on the tungsten film 4. Then, after heat treatment was applied in a nitrogen atmosphere at 
removing an unnecessary portion of the PSG film 5 by 60 a temperature of 900* C. to form an n-type highly doped 
means of etching, the exposed portion of ihe tungsten region to form source and drain regions as shown in 
film 4 was removed by using the PSG film 5 as a mask FIG. 5c. Further, an interlayer insulating film 7 was 
to form a cross sectional shape as shown in FIG. 3a. formed, a contact hole was opened and a wiring metal 
Then, after implanted arsenic ions under the conditions film 8 was formed in the same manner as in usual way to 
at 40 kev and 5.0X 10 19 cm-2, an n-type highly doped 65 manufacture a MOSFET shown in FIG. Sd. When the 
region 6 was formed by a heat treatment at 900* C. in a dependency of the shift amount of the threshold voltage 
nitrogen atmosphere to form source and drain regions (Vm) and the degradation A Gm/Gmo of the transcon- 
as shown in FIG. 3b. ductance on the stress voltage application time of the 
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MOSFET obtained in this embodiment were compared drain 20 was optimized as shown in FIG. 7c by applying 
with those of a conventional MOSFET with a channel a heat treatment at 900' C. 
length of 0.3 tun having a silicon dioxide film of 5 nm EXAMPLE 5 

thickness as a gate insulating film, each of the fluctua- .... 
tion amounts could be reduced by more than one order 5 As shown m FIG. 8a, after forming a device isolation 
of magnitude in a case of using a laminated film com- region 22 on the surface of a p-type silicon substrate 21 
prising the tantalum film oxide and the silicon dioxide by means of well-known LOCOS, a tantalum pentoxide 
film like that in Example 1 and it could be confirmed film 23 of 10 nm thickness was formed as a gate insulat- 
that this is a MOSFET of excellent reliability. As the ing film on the surface of a substrate 21 by means of 
gate electrode, a film of high melting metal such as 10 reactive sputtering. In this embodiment, the tantalum 
tungsten or molybdenum, a polysilicon film, a film of pentoxide film was formed by using reactive sputtering, 
tungsten or molybdenum silicide, or a so-called poly- but it may also be formed by CVD using tantalum alk- 
cide film in which a polysilicon film is formed below the oxide or a tantalum halide such as tantalum chloride or 
silicide film described above can be used. In the case of tantalum fluoride as a source gas. Subsequently, heat 
using the mono-layer film of tungsten or molybdenum 15 treatment was applied in a dry oxygen atmosphere at 
for the gate electrode, an insulati ve film is formed there- 800* C. to form a silicon dioxide film 23' of about 5 nm 
over for preventing channeling. However, in a case of thickness between the silicon substrate 21 and the tanta- 
forming the gate electrode by using other material, such lum pentoxide 23. A silicon dioxide film 23" of 10 nm 
a channeling-preventive film is not necessary. thickness was formed by CVD on the tantalum pentox- 

20 ide film 23 for preventing reaction between polysilicon 
EXAMPLE 3 and tantalum oxide film 23. A polysilicon film 24 of 300 

In this example, a MOS transistor of LDD (lightly nm thickness was further formed thereover by means of 
doped drain) structure was manufactured by conduct- CVD and a high concentration phosphorus was doped 
ing the manufacturing process shown in Example 1 and into the polysilicon film 24 to form a gate electrode. 
2 in two steps. 25 Then, unnecessary portions of the polysilicon film 24 

At first, a cross sectional structure shown in FIG. 6a and the tantalum pentoxide film 23 were removed by 
was obtained by the process shown in Example 1. In this etching to form a gate pattern. Patterning was applied 
case, a first impurity doped region 11 was formed by for the polysilicon film 24 with microwave plasma etch- 
implantation of arsenic ions at 2.0 X 10 13 cm- 2 for gate ing using SF6 gas and for the tantalum pentoxide film 23 
patterns 4, 5 by conducting ion implantation in a self- 30 with reactive sputter etching using CHF3 respectively, 
aligned manner. Then, an insulating film 12 was formed After forming a silicon dioxide film 25 of 100 nm thick- 
on the side of a gate electrode 4 by the process shown in ness as the first insulating film by means of CVD to the 
Example 2. In this case, exposed portions of the lami- entire surface, anisotropic dry etching was applied to 
nated film comprising the tantalum oxide film 2 and the the entire surface of the silicon dioxide film 25 to leave 
silicon dioxide film 3 were removed by etching simulta- 35 only the portion of the silicon dioxide film 22 on the side 
neously. Then, a PSG film 13 was deposited, to which of the gate and remove all other portions as shown in 
arsenic ions were implanted under the condition at FIG. Bb. After forming a thin insulating film 26 on a 
5.0X 10 I5 cm 31 2 to form a second impurity doped region region to be formed with source and drain regions by 
14 means of well-known thermal oxidation (dry atmo- 

The second impurity doped region was formed by 40 sphere) or CVD, source and drain regions were formed 
implanting impurities at a higher concentration under a by means of arsenic ion implantation and heat treatment 
sufficiently higher acceleration voltage than those for in a nitrogen atmosphere at 950* C. The ion implanta- 
the first impurity doped region. Therefore, in the first tion was conducted at an acceleration voltage of 80 Kev 
impurity doped region, the impurity was doped at a and the source-drain region 27 could be formed in a 
sufficiently lower concentration and to a shallow re- 45 self-aligned manner to the poloysilicon film 24. 
gion, whereas in the second impurity doped region, the Further, an interlayer insulating film 30 was formed, 
impurity was doped at a sufficiently higher concentra- a contact hole was formed, a contact hole was opened 
tion and to a deep region to show excellent property as and metal wiring film 31 was formed by conventional 
Ldd. means to manufacture a MOSFET shown in FIG. 8c 

50 The threshold voltage of the resultant MOSFET was 
EXAMPLE 4 1.0 V and other electrical properties were also satisfac- 

The MOSFET of LDD structure can also be manu- tory. 
factured like that in Example 3 also by conducting the In this example, CVD-SiOa film was used as a film for 
process shown in Example 2 by two steps. The manu- preventing reaction between polysilicon and tantalum 
facturing method is shown in FIGS, la through 7c. 55 oxide, but the same effect can also be obtained with 

At first, a cross sectional shape shown in FIG. la was films capable of preventing reaction such as Si3N4. 
formed by the manufacturing method shown in Exam- EXAMPLE 6 

pie 2. An n-type diffusion layer 16 was formed by im- 
planting arsenic ions at 2.0X 10 13 cm- 2 through a PSG An LDD structure can be obtained by applying the 
film 15. Further, a second insulating film 17 was formed 60 step of forming insulating films on the side of the gate in 
on the side of the gate electrode by depositing a PSG Example 5. 

film and applying anisotropic etching to the entire sur- As shown in FIG. 9a 9 after forming an electrode 24, 
face. Further, after depositing a PSG film 18, arsenic a first silicon dioxide film 29 was deposited to the entire 
ions were implanted at 5.0X10 15 cm- 2 Since the con- surface and anisotropic dry etching was applied to re- 
centration for the amount of the ion implantation was 65 move the silicon dioxide film 29 while remaining only 
set higher than that in the first ion implantation, a MOS- the portion formed on the side of the gate and eliminat- 
FET of LDD structure could be formed in the same ing all other portions. After thermally oxidizing the 
way as in Example 3. Further, the profile for source and silicon substrate 21 to form a thin silicon dioxide film 26, 
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first ion implantation was conducted thereto through becomes impossible to prevent the diffusion of W to the 
the first silicon dioxide film 26 to form an impurity Si substrate and the electro mobility is also degraded, 
doped region 211. Alternatively, ion injection may be On the other hand, in the structure (a), diffusion of W to 
conducted penetrating the deposited silicon dioxide film Si substrate can be prevented by using TtiOs and satis- 
by using CVD as in Example 2. 5 factory mobility can be obtained even when the thick- 
Further, deposition of the silicon dioxide film and the ness of the gate insulating film is 5 nm. Accordingly, it 
anisotropic dry etching for the entire surface were con- is possible to realize an operation speed greater about 
ducted once again to form a second silicon dioxide film 30% as compared with the case of conventional 
26 on the tide of the gate and a CVD-S1O2 film 231 was polysilicon gate MOSFET and by 35% as compared 
formed on the silicon substrate 21. Instead of the CVD- 10 with the case of using a W gate and using SiOj for the 
silicon dioxide film 221, an silicon dioxide film may also gate insulating film. Further, use of Ta20s as the gate is 
be formed to the surface of the silicon substrate by extremely effective for attaining a high speed CMOS 
means of oxidation in a dry oxidative atmosphere. Ion device since it is less resistive while inamtaining satisfac- 
implantation was conducted through the CVD-silicon tory electron mobility and the working function situates 
dioxide film 221 A to form a second impurity doped 15 at the intermediate of the silicon band. In particular, the 
region 212. In this instance, an LDD structure could be effect capable of using the W electrode is also extremely 
formed by lowering the concentration in the first impu- effective for the improvement of delayed speed, 
rity doped layer 211 than that of the impurity doped FIG. 14 shows word line delay time of a memory 
layer 212. device formed by using a transistor obtained in accor- 

20 dance with the present invention in comparison with a 

EXAMPLE 7 signal delay time of a word line of predetermined length 

In this example, a transistor formed in accordance in a conventional memory device in which polysilicon 

with the present invention is applied to a dynamic ran- is used as a word line and an aluminum wiring is laid on 

dom access memory comprising a transistor and a ca- the word line for avoiding the delay of the access time 

pacitor. 25 and connected at a predetermined interval. It has been 

FIG. 10 shows a method of wiring a memory array. found that a delay time shorter by about one order of 

Denoted at 324 is a transistor which is shown in any one magnitude can be obtained at a fabrication level of 0.2 

of Examples 1 to 4 in which tungsten was used for the urn as compared with that of the prior art. Since the. 

gate electrode. Further, denoted at 325 is a capacitor. resistance of tungsten can be reduced as low as less than 

The gate electrode is connected to one of word lines 30 1/20 compared with that of polysilicon and tungsten 

321. Further, one of the electrodes of the transistor is has a longer fife than that of aluminum, even under 
connected to a bit line 322, while the other of the elec- supply of a great current density, access speed can be 
trodes is connected with one of the electrodes of the increased. Further, two sheets of masks required for the 
capacitor 325. Further, the other electrode of the capac- connection between aluminum and word line can be 
itor is connected to a plate potential. 35 saved. Accordingly, by using the transistor of the pres- 

FIG. 11 schematically shows a cross sectional struc- ent invention a highly integrated memory device, not 

turc for one example of the memory cell, in which are only the reliability of the device can be improved but 

shown a gate insulating film 330 formed by the method there attain effects of increasing the access speed due to 

shown in Example 1, and one electrode 326 of the ca- the reduction of the word line delay and decreasing the 

pacitor 325 connected to a highly doped impurity re- 40 number of steps by the reduction of the number of 

gion 327. The other electrode 329 of the capacitor is masks. 

connected with a plate potential 323. Further, a highly The following effects can be obtained not only in the 

doped impurity region 328 is connected with a bit line case of applying the transistcr-accordmg-to the present 

322. It has been found that the dynamic random access invention to the dynamic random access memory 
memory comprising the foregoing constitution has ex- 45 (DRAM), but also in a case of applying the transistor 
cellent function. according to the present invention for a memory cell 

As shown in Examples 1-7, it has been found that the such as a static random access memory (SRAM), a read 

performance of the transistor formed in accordance only memory (ROM) and a non-volatile memory, 

with the present invention can provide excellent perfor- When manufacturing a field effect transistor by using 

mance within a channel region of less than 0.3 um. 50 a transition metal oxide film as a gate insulating film in 

Further, the improvement for the performance of a accordance with the present invention, formation of 

semiconductor memory using a great quantity of tran- wedge-like oxide films at the edges of the gate region 

sistors is remarkable. can effectively be prevented to manufacture a transistor 

FIG. 13 shows the dependency of the mobility on the of satisfactory electric property, 

thickness of the gate insulating film obtained in the 55 In particular, a MOSFET having an excellent long- 

MOSFET(a) according to the present invention, the time durability can be manufactured as compared with 

W/SiO: structure MOSFET(b) using SiOj as a gate a conventionally employed MOSFET using silicon 

insulating film and the MOSFET(c) using polysilicon as dioxide as a gate insulating film, 

a gate electrode and SiOj as a gate insulating film. In In particular, if the thickness of the gate insulating 

this case, the channel doping amount is optimized for 60 film is reduced in a W/Si02 structure, contamination 

obtaining an identical W Channel is doped to 10 13 with W to Si substrate can not be prevented to deterio- 

cm- 2 in the structure (c) while at I0 U cm- 3 for the rate the electron mobility. However, by using TajOs as 

structures(a) and (b). Under these conditions, if the the gate insulating film, it is possible to manufacture a W 

thickness of the gate insulation film is 5 nm, the electron gate MOSFET of excellent reliability without deterio- 

mobility obtained is 500 cmVVsec for (a), 330 65 rating the mobility. 

cmWsec for (b) and 380 cm W sec for (c). These re- Further, as the gate insulating film, it is possible to 

suits show that if the thickness of the SiO: gate insulat- use, in addition to tantalum pentoxide, a film made of 

ing film is reduced in the structure (b), it gradually niobium oxide, yttrium oxide, hafnium oxide, zirconium 
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oxide or thanium oxide, or a laminated film comprising 9. A manufacturing method as defined in claim 8, 
them in stack or a film comprising a mixture of them, by wherein a fifth insulating film is provided on sides of the 
which similar effects to those obtained by using the third insulating film, by steps of forming a layer of mate- 
tantalum pentoxide film can also be obtained. rial of the fifth insulating film overlying the scmicon- 
What is claimed is: 5 ductor substrate and anisotropically etching the layer of 

1. A method of manufacturing a semiconductor de- material of the fifth insulating film so as to form the fifth 
vice comprising the following steps: insulating film, and the ion implantation is conducted 

(a) a step of forming a first insulating film on a main using the second, third and fifth insulating films as the 
surface of a semiconductor substrate, the first insu- mask. 

lating film being a laminate of a first layer of an 10 jo. A manufacturing method as defined in claim 9, 

oxide of material of the semiconductor substrate, wherein the step of implanting impurity ions is per- 

and a second oxide layer, the second oxide layer formed m ^ SU b- S teps f a first sub-step to form a first 

being formed of an oxide selected from the group sub-region of a relatively low impurity concentration, 

consisting of tantalum pentoxide, niobium oxide, ^ first sub - s tep being performed using the second and 

yttrium oxide, hafnium oxide, zirconium oxide and 15 insulating films as a mask, and a second sub-step to 

titanium oxide, the first layer being formed by ap- form a second sub-region that extends deeper from the 

plying a heat treatment to the semiconductor sub- main surfacc of t he semiconductor substrate than does 

strate in a dry oxidizing attnosphere, . , the first sub-region and that has a relatively large impu- 

(b) a step of lammatmg a conductive film of a matenal rity con^tration, the second sub-step bemg performed 
selected from the group consisting of tungsten and 20 mhl the secondf ^ md flftn fimis ^ the 
molybdenum on said first insulating film, mask 

(c) a step of removing an unnecessary portion of said n, A manufacturing method according to claim 10, 
conducive film thereby forming a gate electrode ^ ^ £d ^ fifth fdms ^ 
and exposing the surface of said first insulating film . , A , . , ' .. . - . , , tll- * *s UJk 
extending beyond edges of the gate electrode; and 25 f™** ^usmg ^position of matenal for the respective 

(d) while the first insulating film extends beyond the ™™«™S Iums ; . . 
edges of the gate electrode, a step of implanting " * manufacturing method as defined m claim 8, 
impurity ions into predetermined surface regions of wnerem each of me second and third insulating films is 
said semiconductor substrate, thereby forming forme ? b > \ d ^ on t °f material, respectively, of the 
source and drain regions. 30 se *° nd '«> th * d msu3atul S ^ „ r ^ . , 

2. A manufacturing method as defined in claim 1, * 3 * manufacturing method as defined in claim 3, 
wherein a second insulating film is laminated on the * herem the ~* msulatmg film is formed by deposi- 
conductive film, and ion implantation of the impurity is *"» , of mate " al of the insulating film on the 
conducted after removing unnecessary portions of said conductive film. 

second insulating film and said conductive film. 35 L 14 - * manufactunng method as defined in claim 1, 

3. A manufacturing method as defined in claim 3, wherein "> n implantation is conducted without re- 
wherein the second insulating film has substantially the moving the first insulating film. 

same shape and substantially the same size as those of 1S - A manufactunng method as defined m claim 1, 

the conductive film. wherein the ion implantation is conducted after remov- 

4. A manufacturing method as defined in claim 3, 40 m g a portion of the first insulating film. 

wherein the ion implantation is conducted by using the 16 * A manufactunng method as defined in claim 10, 

second insulating film as a mask. wherein the portion of the first insulating film is re- 

5. A manufacturing method as defined in claim 3, moved ™ ch that of thc first insulating film situates 
wherein a third insulating film is provided on the sides to the outside of the edges of the conductive film. 

of the conductive film and the second insulating film 45 A manufacturing method as defined in claim 1, 
after the ion implantation, by steps of forming a layer of wherein a fourth insulating film is formed on the surface 
material of the third insulating film overlying the semi- of the semiconductor substrate exposed by the removal 
conductor substrate and anisotropically etching the of the first insulating film and the ion implantation is 
layer of material so as to form the third insulating film, conducted through the first and the fourth insulating 
and the impurity ions are further implanted thereby 50 films- 
increasing the depth at a portion of the source and drain 18. A manufacturing method as defined in claim 12, 
regions. wherein the fourth insulating film is formed by deposit- 

6. A manufacturing method as defined in claim 5, ing material of the fourth insulating film on the surface 
wherein the lower end of the third insulating film is of the semiconductor substrate. 

formed on the first insulating film. 55 19- A manufacturing method as defined in claim 1, 

7. A manufacturing method as defined in claim 5, wherein the first conductivity type is p-type and the 
wherein each of the second and third insulating films second conductivity type is n-type. 

are formed by deposition of material, respectively, of 20- A manufacturing method as defined in claim 19, 

the second and third insulating films. wherein the second oxide layer is a tantalum pentoxide 

8. A manufacturing method as defined in claim 3, 60 film, and the tantalum pentoxide film is formed by reac- 
wherein a third insulating film is provided on the sides tive sputtering or chemical vapor deposition. 

of the conductive film and the second insulating film, by 21. A manufacturing method as defined in claim 1, 

steps of forming a layer of material of the third insulat- wherein the gate electrode is formed by removing an 

ing film overlying the semiconductor substrate and unnecessary portion of a polysilicon film highly doped 

anisotropically etching the layer of material so as to 65 with phosphorus by microwave plasma etching using 

form the third insulating film, and the ion implantation SF*. 

is conducted by using the second and the third insulat- 22. A manufacturing method as defined in claim 1, 

ing films as the mask. wherein the impurity is arsenic. 
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23. A manufacturing method as defined in claim 19, 
wherein the oxide comprises at least one compound 
selected from the group consisting of niobium oxide, 
yttrium oxide, hafnium oxide, zirconium oxide and tita- 
nium oxide. 5 

24. A manufacturing method as defined in claim 19, 
wherein the oxide is tantalum pentoxide. 

25. A manufacturing method as defined in claim 20, 
wherein said laminate comprises a silicon dioxide layer 
and a tantalum pentoxide layer, said silicon dioxide 10 
layer is formed between said tantalum pentoxide layer 
and said semiconductor substrate by forming said tanta- 
lum pentoxide layer and, subsequently, applying ther- 
mal oxidation to the surface of said semiconductor sub- 
strate in the dry oxidizing atmosphere. 15 

26. A manufacturing method as defined in claim 20, 
wherein the step of implanting, impurity ions is per- 
formed through exposed portions of said first insulating 
film. 

27. A manufacturing method as defined in claim 20, 20 
comprising the further step of removing an unnecessary 
portion of the tantalum pentoxide layer, leaving a part 
of the first insulating film extending beyond the edges of 
the gate electrode, and wherein the unnecessary portion 

of the tantalum pentoxide layer is removed by reactive 25 
sputter etching using CHFj as an etching gas. 

28. A manufacturing method as defined in claim 1, 
wherein the step of implanting impurity ions is per- 
formed through exposed portions of said first insulating 
film. 30 

29. A manufacturing method as defined in claim 1, 
wherein the step of implanting impurity ions is per- 
formed after the step of removing an unnecessary por- 
tion of said conductive film, and wherein the step of 
implanting impurity ions is performed without a ther- 35 
ma] oxidation being performed between said step of 
removing and said step of implanting impurity ions. 

30. A manufacturing method as defined in claim 1, 
wherein said laminate includes silicon dioxide layers 
sandwiching said second oxide layer. 40 

31. A manufacturing method as defined in claim 19, 
wherein the step of removing an unnecessary portion of 
the conductive film includes sub-steps of (a) laminating 
a layer of material for forming a mask, on said conduc- 
tive film, (b) removing an unnecessary portion of said 45 
layer of material for forming a mask, to thereby form 
the mask, portions of the conductive film being exposed 
through the mask; and (c) removing exposed portions of 
the conductive film to thereby form the gate electrode 
and expose the surface of the first insulating film extend- 50 
ing beyond edges of the gate electrode, and wherein the 
mask is retained on the gate electrode during the step of 
implanting impurity ions. 

32. A manufacturing method as defined in claim 1« 
wherein said semiconductor substrate is of a first con- 55 
ductivity type, and the impurity ions are of a second 
conductivity type opposite to the first conductivity 
type. 

33. A manufacturing method as defined in claim 1, 
wherein said semiconductor substrate includes silicon, 60 
and the oxide of material of the semiconductor substrate 

is silicon oxide. 



34. A manufacturing method as defined in claim 33, 
wherein the step of forming the first insulating film 
includes a first sub-step of depositing the second oxide 
layer on the main surface of the semiconductor sub- 
strate and a second sub-step of applying the heat treat- 
ment in the dry oxidizing atmosphere. 

35. A manufacturing method as defined in claim 34, 
wherein the second sub-step is performed subsequent to 
the first sub-step. 

36. A manufacturing method as defined in claim 42, 
wherein said semiconductor substrate is of a first con- 
ductivity type, and the impurity tons are of a second 
conductivity type opposite to the first conductivity 
type. 

37. A manufacturing method as defined in claim 33, 
wherein, after forming said first insulating film, a 
stacked film of said gate electrode and a second insulat- 
ing film is formed. 

3$. A manufacturing method as defined in claim 37, 
wherein the step of implanting impurity ions is per- 
formed using the second insulating film as a mask. 

39. A method of manufacturing a semiconductor 
device comprising the following steps: 

(a) a step of forming a first insulating film comprising 
a laminate, the laminate including a silicon oxide 
layer and an oxide layer formed of an oxide se- 
lected from the group consisting of tantalum pen- 
toxide, niobium oxide, yttrium oxide, hafnium ox- 
ide, zirconium oxide and titanium oxide, on the 
main surface of a semiconductor substrate, the 
silicon oxide layer being formed by applying a heat 
treatment to the semiconductor substrate in a dry 
oxidizing atmosphere, 

(b) a step of laminating a conductive film of a material 
selected from the group consisting of tungsten and 
molybdenum on said first insulating film, 

(c) a step of removing an unnecessary portion of said 
conductive film thereby forming a gate electrode 
and exposing the surface of said first insulating film 
extending beyond edges of the gate electrode, and 

(d) while the first insulating film extends beyond the 
edges of the gate electrode, a step of implanting 
impurity ions into predetermined surface regions of 
said semiconductor substrate, thereby forming 
source and drain regions. 

40. A manufacturing method as defined in claim 37, 
wherein said semiconductor substrate is of a first con- 
ductivity type, and the impurity ions are of a second 
conductivity type opposite to the first conductivity 
type. 

41. A manufacturing method as defined in claim 37, 
wherein the step of forming the first insulating film 
includes a first sub-step of depositing the oxide layer on 
the main surface of the semiconductor substrate and a 
second sub-step of applying the heat treatment in the 
dry oxidizing atmosphere. 

42. A manufacturing method as defined in claim 46, 
wherein said semiconductor substrate is of a first con- 
ductivity type, and the impurity ions are of a second 
conductivity type opposite to the first conductivity 
type. 
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